Histologic Examinations of Fungous Infections of the Nails11From the Dermatological Department of the Rothschild-Hadassah University Hospital, Jerusalem (Dr. A. Dostrovsky, Director); and the New York Skin and Cancer Unit, Department of Dermatology and Syphilology, New York Post-Graduate Medical School and Hospital (Dr. Marion B. Sulzberger, Director).  by Sagher, Felix & Sagher, With the technical assistance of Ruth
HISTOLOGIC EXAMINATIONS OF FUNGOUS INFECTIONS OF
THE NAILS*
FELIX SAGHER, M.D.
With the technical assistance of RUTH SAGHER
In the study of fungous infections of the nail the histologic examination has
been almost entirely neglected by dermatologists. While other nail conditions
frequently are examined histologically, investigation of cases of onychomycosis
has been confined largely to the microscopic examination of the nail substance,
softened in potassium hydroxide. The recognition of fungi in potassium hydrox-
ide preparations is relatively easy and, for this reason, it appears to be un-
necessary to look at the histologic picture of the fungous infected nail. Direct
microscopic examinations of the nail material in potassium hydroxide, however,
yield no certain proof that the fungus exists in the nail plate. It may be that the
fungus is lying on the nail plate or below it, without infecting the nail. Proof
of invasion of the fungous infection into the nail-plate itself is found only by
means of the histologic examination. Furthermore, such examination seems even
more important when one considers that frequently the results of cultures of
fungi from scrapings of the nail are negative in spite of the fact that the examina-
tion in potassium hydroxide preparations shows that fungi are present. It may
be that cultures from nail substances yield positive results less often than do
cultures from the skin because of technical difficulties or contaminating over-
growth of non-pathogenic fungi or bacteria.
From the clinical point of view the histologic examination is an aid in answer-
ing the important question of whether the fungous-infected nail may be a focus
for the recurrence of dermatophytosis, because it may make it possible to obtain
the following information.
1. It may show the arrangement of the fungi in the nail plate and the effect
of their invasion upon the nail structure.
2. It may show that the fungi are in the nail plate, thus confirming the positive
microscopic finding, or it may show that the fungi are present only in the area
surrounding the nail.
3. It may reveal fungi in the nail bed and in subungual cornified material.
4. It may show whether the clinical picture and the histologic finding are con-
sistent.
5. It may be a guide to the selection of the treatment of the disease.
* From the Dermatological Department of the Rothschild-Hadassah University Hos-
pital, Jerusalem (Dr. A. Dostrovsky, Director); and the New York Skin and Cancer Unit,
Department of Dermatology and Syphilology, New York Post-Graduate Medical School
and Hospital (Dr. Marion B. Sulzberger, Director).
Read before the Ninth Annual Meeting of the Society for Investigative Dermatology,
Chicago, Illinois, June 20, 1948.
Received For Publication
337
338 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
In order to determine the extent of the agreement of the clinical picture of
onychomycosis with the microscopic findings a study was made by Dostrovsky,
Raubitschek and F. Sagher (la, b.). Scrapings of over 2000 nails from the hands
and feet of 118 patients with various dermatophytoses were examined micro-
scopically under potassium hydroxide and cultures were made. The micro-
scopic examinations of the nails revealed mycelia in 61 patients. Excluding the
yeastlike fungi, growth of pathogenic fungi was noted in no more than 13 cases.
Evulsion of nails was undertaken in several cases in which the culture yielded
positive results and from several nails in which only the microscopic examinations
showed the presence of fungi. Most of these patients suffered from recurrent
eruptions of dermatophytosis and the local treatments of the nails were without
TABLE 1
Comparison of microscopic, culture, and histologic examinations of fungi in 55 nails
NUMBER OP
PATIENTS NUWBER OR NAILS
MICROSCOPIC EXAM-
INATION IN POTAS-
SlUM HYDROXIDE;
NO. OR NAILS WITH
POSITIVE RESULTS
CULTURE RESULTS
HISTOLOGIC EXAMINA-
TION; NO. OP NAILS
WITH POSITIVE RESULTS
1
4
2
3
3
1
4
19
5
14
12
1
3
19
5
11
3
0
T. violaceum
T. purpureum (skin)
T. purpureum (nail)
Negative
Negative
Non-pathogenic
growth
Negative
3
17
5
3
4
Hyphae on the
nail plate
Negative
Total 14 55 41 7 32
success. The suspicion arose that these diseased nails were foci which caused the
recurrent skin eruptions.
MATERIAL
Fifty-five nails of 14 patients were examined histologically. Fifty-one nails
were examined after evulsion, the four remaining nails were cut after a three
weeks growth, and only the parings were examined.
In performing evulsion, the nails were cut in the center longitudinally. For
histologic examination one-half of the nail was sectioned lengthwise and the
other transversely. The transverse sections were cut in the middle or in the
diseased part. This procedure makes possible the study of the arrangement of
the fungi in the nail plate and also a survey of the greater part of the nail, a pro-
cedure which is essential because the entire nail is not always infected.
TECHNIQUE
The technical difficulties encountered have been one of the main reasons why
the histologic examination of fungous-infected nails has been neglected up to the
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present time. A method of procedure was described by MacLeod and Muende
(2). They used Heller's (3) method, with fixation of the nails during several
days in Mueller's solution,' prolonged washing, and decalcification from four to
six days in one part of nitric acid and three parts of water, followed by embedding
in celloidin. It is interesting to note, that this routine was suggested by Mac-
Leod and Muende for the study of the nails in general, but was not mentioned in
the chapter on onychomycosis where only examination in potassium hydroxide
was recommended. Most dermatologists who have studied diseases of the nails
have made use of decalcffication or potassium hydroxide to bring about the
separation of the cells (3, 4).
In the present investigation various methods and stains were tried on one nail
in order to ascertain the simplest procedure. At first the nails were decalcified
according to Heller's (3) method and embedded in celloidin or paraffin. Addi-
tional experiments, however, showed that the nail proved to be sufficiently pre-
pared to be cut without the decalcification of frozen sections if it was soaked for
several days in formalin and washed for twenty-four hours in running water.
This method made the examinations easier and all of the nails were prepared in
this manner.
STAINING METHODS
In order to find the best stain to use to detect fungi in the nails the following
were tried: Hematoxylin-eosin, polychrome methylene blue, toluidine blue, van
Gieson's, Gram's, Weigert's and Giemsa's stain. The best demonstration of
fungi occurred with the hematoxylin-eosin stain, as follows: The sections were
immersed in Ehrlich's acid hematoxylin for from eight to fifteen minutes and
decolorized in 1 per cent hydrochloric acid diluted with 70 per cent alcohol.
After staining for five minutes in 1 per cent eosin the sections were put into 70
per cent, 96 per cent and absolute alcohol, and finally mounted in Canada balsam.
Each section was handled individually.
The mycelia with their structures were best shown by this staining method.
Where Mayer's acid alum hematoxylin was used, part of the hyphae remained
unstained. The cells of the malpighian layer as well as of the nail plate and the
subungual keratosis became so dark that the fungi in these layers were not recog-
nizable. Staining with hematoxylin Ehrlich made possible the examination of
the nail plate and the underlying layers in spite of the different affinity of these
layers for dyes, the color of the nail plate varying from pinkish to light purple
and the underlying structures being dark purple. The spores and transverse
sections of hyphae resembled small bubbles, of which part were stained dark red,
while others appeared as light spots with the membrane stained but without
darkened centers.
Other sections were left overnight in water after being stained with hematoxy-
un and were put into eosin the next day. In general, by means of this process
the nail substance was lighter in color, the mycelia were stained well, their de-
'Potassium Bichromate 2.0-2.5, Sodium Sulfate 1.0, Distilled water 100.0.
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tails became readily visible, and these sections were suitable for specialexamina-
tions under the high power using oil-immersion lens. But part of the mycelia
remained unstained. It was questionable whether the stain was lost overnight
or whether the mycelia resisted the color, since some mycelia have been found
unaffected by any staining method.
The modification of the Harris alum hematoxylin method was valuable, be-
cause it made possible the study of all the layers of the section of the nail (4).
The nail plate appeared blue and the underlying epithelium yellow, and the
fungi were clearly visible. Although the technique is more complicated, the use
of a combination of Harris alum hematoxylin with Gram's stain has the advan-
tage of making the search for fungi easier for the inexperienced investigator.
By staining with polychrome methylene blue the fungi can be made to appear
almost unstained in the blue nail plate, where they are thus visible because of
their light-refracting properties. The toluidine blue solution stained the fungi
poorly and the color disappeared within one week.
With the use of van Gieson's stain the nail substance and the hyphae became
greenish yellow. The central portion of the mycelia appeared somewhat darker
green, sometimes even brown, with a pinkish hue; their protoplasm was lighter
than the surrounding nail substance; and the subungual keratosis appeared
brown. Examined with low power magnification the fungi were not easily
recognizable because of their similarity to artefacts and splits in the nail, but
upon examination with high power magnification the characteristics of the fungi
and their segmentation were readily discernible. Even after two years the
fungi remained stained, although their pinkish shade disappeared.
The remaining stains which were used may be summarized briefly. Gram's
stain turned the nail to bluish purple; the fungi were difficult to distinguish and
the mycelia were stained irregularly. After use of Weigert's elastic tissue stain
the fungi remained unstained but they refracted light. Giemsa's stain made the
nail plate appear blue, the epithelium underneath pink. The fungi were clearly
discernible, their centers being dark and their peripheries light.
REPORT OF CASES
Case1. Nine years before the first examination, a man, aged 19, observed changes in the
appearance of his finger nails a short time after he had had tinea capitis. The microscopic
examination of scrapings from these nails in potassium hydroxide preparations showed
hyphae with segmentations at irregular distances. The segments were elongated and
rectangular. The culture from these nails yielded a growth of Trichophyton violaceum.
(Fig. la, b, c.)
After evulsion the nails were prepared for histologic examination by the afore-mentioned
method. Upon examination the nail plate was found to be thick and wavy. Using van
Gieson's stain, parts of the nail became yellow, others pink. The cells of the lower layers
of the nail possessed nuclei and were darkly stained; the cells of the upper layers were in-
distinct and without nuclei. In the malpighian layer the cells and their membranes were
very distinct and dark brown in color. In the upper part of the nail plate there were long
mycelia with segmentation, yellow in color, which were scarcely distinguishable when they
were examined under low power magnification, but were pronounced under high power
magnification. In the lower part of the nail no mycelia were found. The fungus was em-
bedded in the nail plate, without causing any reaction in the surrounding nail substance.
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Parings of the first fingernail of the left hand were examined after the nail grew again
following the second evulsion. There were no fungi present when microscopic and histo-
logic examinatioos were made.
Case 2. A man, aged 50, suffered from onychomycosis for eight years. There was
present subungual keratosis with a thickness of 3 mm. Fungi were found in the nails in
microscopic examination under potassium hydroxide. The culture yielded a growth of T.
pnrpureum Bang and the result of the intracutaneous trichophytin test was positive.
Histologic examination of both longitudinal and transverse sections of the nails and thc
underlying malpighian layer showed that the lowest layers of the nail plate, which were the
a b
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Fin. 1. CASE 1. ONYenolnYcosis CAU5En ny TRICHOPJ-JYTON VIOLACEUM
a. The nails are thickened, brittle, whitish and only partly transparent.
b. A long mycelium is seen in the superficial part of the nail plate. Frozen section,
van Gieson, X 90.
c. Thc same segmented mycelium magnified 450 X.
seat of the most outstanding changes, appeared wavy and sent deep processes into the nail
bed; the normally straight line of the lower part of the nail plate resembled the epidermis
and cutis with elongated papillary bodies and rete ridges, projections which were sometimes
two or three times as long as the whole thickness of the nail plate; the fungi were present in
the deepest layers of the nail plate and invaded these projections; and there were present
thick and thin mycelia which were cut in longitudinal and transverse directions. The
malpighian layer as well as the upper part of the nail was free.
Summary: The patient presented onychomycosis caused by T. purpureum Bang. The
histologic examination of the affected nails revealed great changes in the structure of the
nail plates. There were deep projections of nail substance penetrating the nail bed. Fungi
were found throughout the nail in the deepest layers. No fungi were found in the mal-
pighian layer.
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CaseS. A woman, aged 30, had diseased toenails for tea years and noticed changes in the
appearance of her fingernails for six years. Upon direct examination fungi were found in
all twenty of the nails. Cultures from the skin and the nails produced T. purpnreum Bang.
The intracutaneous trichophytin test produced an immediate wheal which was 2 cm in
diameter with pseudopodia surrounded by an erythema of 6 cm and appeared in 10 minutes.
The results of the tost wore negative after twenty-four and forty-eight hours. Histologic
examinations wore made of the nails of both thumbs and both big toes as well as of 3 pieces
of tissue from the nail beds of both of the hands and feet and the findings were almost the
a
b c
Fm. 2. ONYcJT0MYc05I5 CAusan BY Tnrcs-iopnyToN PURPUREUM
a. Thickening of nails and subungnal keratoses.
b. Longitndinal section. Note the mighty sabungual keratosis.
Frozen section, hematoxylin-eosin, N 8±.
c. Transverse section. N 10.
same as those in case 2. (Fig. Se, 6, c, and Be, 6, c.) In addition there was a different ar-
rangement of the fungi in the various layers of the nail plate: in the middle part the mycelia
were short and often cut transversely; in the deeper layers they were long and septate, thin,
and partly segmented. No fungi were found in the epithelium underneath the plate nor in
the cntis of the nail bed.
Summary: The patient presented onychomycosis of the feet and hands caused by T.
purpureum. The histologic examination revealed a great disturbance of layers of the nail
plate. Fungi were present in the middle and lowest layers in different arrangements but
were absent from the nail bed.
Case 4. A woman, aged 44, was being treated for an extensive eruption of tinea corporis.
At the same time all of the nails of the toes were thickened, brittle, and whitish. Examina-
tion of portione of the skin and nails in potassium hydroxide revealed mycelia. A culture
4'
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from scrapings of the skin revealed the presence of T. purpureum, but the resnit of a eniture
from the nails was negative. The result of the intracutaneous trichophytin test was
negative.
a
b c
FIG. 3. OuYessoMYeosrs CAUsED BY TarcHoPssyToN flJEPUEEUM
a. Fungi are present oniy in the lower part of the nail plate. Frozen section,
hematoxylin-eosin, >< 75.
b. In long-standing infections the lower part of the plate represents an irregular instead
of a straight line and sends deep processes into the underlying tissue. Frozen section.
hematoxylin-eosin, X 48.
c. Mycelia can be followed in these processes. X 225.
The histologic examination was made of the third and second nails of the right foot and
the first and third nails of the left foot. Fungi were found in the third nail of the left foot
and the second nail of the right foot. The latter, especially the middle part of the nail
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plate, was filled with mycelia whose number decreased towards the lower layers. They
appeared sporelike but were found to be mycelia cut in their transverse directions, a fact
which could be established by following the continuations of the sporelike elements into the
nail structure. The mycelia were twisted together in screwliko formations. In several
places they wore thinned out; in others they appeared puffed up. In the third nail of the
loft foot the fungi wero found only in the lower quarter of the nail plate. Branched mycolia
wore present in several places. The presence of numerous collections of bacteria and
amorphous masses in the malpighian layer disclosed the reason why cultures from the nails
are so often overgrown by bacteria. Many spores were present in the subungual horny
masses.
Case5. A woman, aged 21, had tinea corporis for five years and changes in the formation
of all the toenails. The result of the examination for fungi of the skin and nails was posi-
tive. The culture from material of the skin yielded a growth of T. purpureum; the nails
yielded none. The intracutaneous trichophytin test produced an immediate wheal with
pseudopodia and surrounding erythoma. After forty-eight hours the results of the test
became negative.
Histologic examinations of the nails showed that the mycelia were much shorter in the
transverse than in the longitudinal sections and appeared to be cut transversely; the central
portion of the nail were more diseased than the lateral parts; the fungi wore present in one
nail mainly at the nail root, in others only in the distal part. The fungi were found some-
times in the whole nail, in others only parts of the nail, but wore almost always only in the
deepest layers of the nail plato. The other features disclosed by histologic examination
wore the same as in case 2.
Case6. A man, aged 38, had tinea corporis for eight years and onychomycosis on several
fingernails for the last two years. The nails were raised by subungual horny masses which
were a groyish black color. The direct examination of the skin and nails showed hyphao.
The culture from material of the skin yielded a growth of T. purpuroum, but none appeared
in the culture from the nails. The result of the intracutaneous trichophytin test was
negative.
Four nails and three pieces of tissue from the nail hod wore examined histologically.
Similar findings wore obsorvod in tho longitudinal and transverse sections. Fungi wore
present in all of the nail platos, but in smaller number at their distal portions. The upper
layers were free of fungi, the hyphao had not entered into the tissuo below the nail plate.
In one place a mycolium could be traced down to the epitholium whero it turned upwards
without entering this layer. The hyphao seemed to ho under pressure and wore scrowliko in
shape. Part of them showed chains of spores; others were almost unsegmontod. The
three piocos of tissue from the nail beds were embedded in paraffin and stained by the
homatoxylin-eosin, van Gieson's and Gram's methods. The epidermis was only partly
prosent in these sections since the greater part remained on the nail plates. The tissuo was
rich in blood vessels, chiefly large capillaries but also single veins; the connoctivo tissue
bundles wore entwined and there wore numerous calls. Soveral small cell infiltrations were
soon around tho vessels. Most of tho cells possessed elongated nuclei similar to fibroblasts.
There wore many nerves cut in various directions. No fungi wore found in the nail bed.
Case7. A woman, aged 21, had an oczomatous eruption on the first finger of her loft hand
for three years and a scaly lesion on her buttocks for one year. The nail of the finger was
markedly abnormal and there was a thick subungual horny mass. Myeolia wore found in a
specimen from the dermatitis on the buttock as well as from the fingernail and eight toe-
nails. T. purpuroum was grown in a culture from the material of the skin.
The histologic examination of the nail plato showed the same foaturos as in the preceding
caso: many chains of hyphae wore present in the subungual horny masses, especially in the
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part adjacent to the nail; in the deeper parts of the suhungual horny substance fungi were
not found; and there were also amorphous masses and many bacteria. The nail showed
several deep splits into which hyphae were entering.
Case 8. A woman, aged 35, noticed changes in the appearance of her fingernails for one
year. Mycelia were found in potassium hydroxide preparations made from the nail; the
culture yielded no growth of pathogenic fungi. The nails were so brittle and broken, that
it was impossible to obtain complete longitudinal and transverse sections for histologic
examination. Myeelia were found, however, only in the lowest layers of the nail. They
were long, with many segmentations in which a deeper colored formation resembling a
nucleus was present. The findings were quite different in the layer above. This was
filled with round and oval sporelike structures, (Fig. 4a, b.) of which part of the centers
were dark stained and nueleusjike, while others were light spots of the same size without
any cellular elements. Around several of these spores were bright halos which sent
branches into the surrounding area. The spores had a destructive effect upon the nails,
breaking them apart and giving them their characteristic appearance.
Case 9. A man, aged 40, had hyperkeratotie lesions on his feet and thickening of his
toenails for ten years and thickening of his fingernails for one and one-half years. Direct
examination showed short mycelia and yeastlike cells in the tissue; the culture yielded no
growth of pathogenic fungi. Nine nails which had been removed were examined histologi-
cally. Since hyphae and spores were found only in the uppermost layer of the first toenail
of the left foot, it seemed that the fungus entered the nail plate from the top. No fungi
could be detected in tissue removed from the nail beds of three different toes.
Case 10. A woman, aged 31, had paronyehia on several fingers with occasional purulent
exudations for seven years. Hyphae were found by direct examinations of material from
the nails; the culture yielded no growth of pathogenic fungi; and the result of the trieho-
phytin test was negative.
Inside of the nails no fungi were apparent in the histologic examination, but fungi were
found lying on top of the nails. These fungi had a different appearance from those within
the nail substance itself (Fig. 5a, b.). Dense masses of hyphae were seen in one place upon
examination with low power magnification, and dry high power magnification disclosed
segmented myeelia with masses of spores, resembling slide cultures of fungi. These fungi
lying on the nail plate branched out into the surrounding area, where no nail substance was
present, but no hyphae were seen entering the nail substance. There were differences
between the fungi in the nail substance and those lying on top of the nail plate: the first
were always cut in short sections so that only short hyphae or sporelike structures, which
were transverse sections of myeelia, could be found; the second could be traced for their
entire length and masses of adherent spores were visible.
Case 11. A man, aged 30, suffered from recurrent eezematous eruptions of the hands and
of different parts of the body for eight years. The nails of the hands and feet appeared
abnormal for the last four years. Material from the nails examined under potassium hy-
droxide showed sporelike bodies, and the result of the intracutaneous trichophytin test was
negative.
When 5 fingernails and 6 toenails were examined histologically, fungi were absent from
the nail plates, but networks of mycelia were found lying on top of the first and second nails
of the right foot. Their appearance was the same as the appearance of those in case 10.
Case 12. A man, aged 45, suffered from dyshidrotic eczema of the hands accompanied
by abnormalities of the nails. Sporelike structures were found during direct examination
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Fm. 4. Can & Onrosouroosis, Cureruas Nzesnvn ion Fmcrn
a. Segmented mycelia in the nail plate. The nail substance surrounding the byphae is
without subatanVal athair. Frozen section, hematoxylin-eosin, X 450.
b. Same case. Spores In the nail plate. Several spores are surrounded by a bright halo.
Note the splits In their vicinity. Frozen section, Harris slum hematozyhn, X 450.
I
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Fm. 5
a. Fungi lying on top of the nail plate. In potassium hydroxide preparations mycelia
were found. The culture yielded no growth of pathogenic fungi. Histologically no fungi
were found entering the nail plate. Frozen section, hematoxyliu-eosia, X 100.
h. Same section magnified 450 X. The aspect of the fungi is different from those in the
nail plate. Note that the mycelia and spores are arranged in slide culture fashion.
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of the nails; the culture from the nails produced no pathogenic fungi; the result of the
trichophytiu test was negative. The histologic findings were the same as those in case 10.
Case 13. Awoman, aged 42, had noticed changes in her toenails for ten years and in the
first, second and third fingernails of the right hand for one year. Spores were found on one
fingernail and two toenails when they were examined directly; the culture yielded a growth
of Candida tropicalis. Since the patient would not permit evulsion of the nails to be per-
formed, nail parings were examined histologically but no fungi were found. It was im-
possible, therefore, to prove conclusively that fungi were present, because only particles
of the nails were examined.
Case 14. A woman, aged 31, suffered from eczema aud ulcers of the legs. All of the toe-
nails showed changes similar to those produced by onyehomycosis. Direct and histologic
examinations of the nails and the culture made from them revealed no fungi.
COMMENT
The first description of fungi found in the nails were given by Mahon (5) in
a report of cases of favus in 1829 and by Baum and Meissner (6) who in 1853
described changes in the appearance of the nails caused by molds. Pelizzari (7)
reported 20 cases of onychomycosis in 1887 and stressed the fact that the disease
occurs frequently. From this time on the literature concerning the fungous-
infected nail became quite voluminous. Kittredge (8) reviewed 312 cases which
had appeared in the English literature up to the years 1936. In spite of the fact
that Becker (9), Montgomery and Casper (10), Sulzberger and Lewis (11),
Taylor (12), Williams (13) and others stressed the importance of the fungous-
infected nail as the focus of recurrent skin eruptions, systematic histologic ex-
aminations of the nail have not been performed. Even monographs and hand-
books contain no mention of histologic findings in the examination of nails in-
fected by fungi (2, 14, 15, 16, 17, 18, 19). Only Unna (20) gave an excellent
description of the histologic examination of favus infected nails in 1896. Ex-
aminations of single nails were made by Virchow (21), Koebner (22), Pelizzari
(7), Frei (23) and Fischer (24); these investigators did not make cultures. Baker
(25) mentioned a histologic procedure for examinations for fungi of the nails,
but apparently did not make, or did not report, any systematic use of it. Herr-
mann (26), however, made sections of the nail in order to determine the penetra-
tion of various agents. The only picture of fungi in the nail was found in the
chapters which Heller (3) and Miescher (27) contributed to the Handbuch der
Haut-und Geschlechtskrankheiten. The same photography was used by both
authors, but neither mentioned the type of fungus which caused the disease of
the nail.
Characteristics of Fun gous Infection of the Nails as Shown by Histologic
Examination
Trichophyton violaceum. It was surprising that only few mycelia and spores
were found on histologic examination in spite of the fact that masses of fungi
were seen on examination of scrapings in potassium hydroxide preparations.
This differs from the findings of T. violaceum in hair, in which the roots of the
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hairs are filled with spores arranged in chains and hyphae are seldom seen. The
long mycelia in the nail were similar to those in the culture of T. violaceum.
Since in most sections the mycelia were seen in the uppermost layers of the nail
plate, it is suggestive that the nail was invaded by the fungus from that direction.
Furthermore, the nail substance in the area surrounding the hyphae was almost
entirely undisturbed. The localization of the fungus in the upper layers of the
nail plate explained the tendency of onychomycosis caused by this parasite to
heal spontaneously, as did several of the nails of the patient in case no. 1.
Experiments seemed to prove the theory of Krantz (28), Pinkus (29), Jessner
(30), Silver and Chiego (31) and others who assumed that the nail plate with the
malpighian layer grew distally from the roots. It appeared probable therefore
that a fungus which found no favorable environment in the nail was expelled
through this peripheral growth.
Trichophyton purpureum Bang. In two patients a growth of T. purpureum
was obtained from material from the nails, and although the results of the cul-
tures from the nails of four other patients were negative, T. purpureum was
grown from specimens of the cutaneous lesions. The clinical picture and the
observations made during the direct and histologic examinations of the nails
were identical in these six patients.
According to the histologic findings, the growth of T. purpureum differed en-
tirely from that of T. violaceurn: T. purpureum was found chiefly in the deepest
layers of the nail plate, sometimes in its middle part, but never in the superficial
layers; the mycelia appeared larger, branched, and segmented; spores could not
be detected with certainty in the nail plate, but were seen in masses in subungual
horny substance; the structure of the nail plate was greatly disturbed; large
splits were seen which were apparently caused by fungi invading the nail; the
hyphae were found more frequently at the nail root than in the distal or lateral
parts. In the central parts of the nail the hyphae were densely arranged in the
longitudinal sections, but fungi could not always be found in the lateral parts of
the transverse sections, although there was clinical evidence that the sides were
abnormal.
In cases of long standing infections the lower part of the nail plate became wavy,
like the epidermis and cutis. Deep processes which contained numerous fungi
(Fig. 3 b, c.) extended from the nail plate into the underlying tissue. The fact
that the hyphae appeared often in screw-shaped and snakelike formations, thick
and swollen in some parts and thinned out in others, especially in the parts of
the nail in which no splits had formed, indicated that the fungi appeared to live
under unfavorable conditions in the nail before these changes became pronounced.
In the nine specimens, taken from the nail beds of three patients, no fungi
could be detected; but where subungual hyperkeratoses occurred masses of
spores and only occasionally mycelia were found.
Direction of growth
In the longitudinal sections, the mycelia appeared as long, branched strands
whereas in most transverse sections they were short or sporelike in appearance.
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From this observation it may be concluded that this fungus grew lengthwise in
the nail plate.
Invasion of the Nail Infection.
Inasmuch as the fungi were observed only in the deepest and middle layers
of the nail, and were located in its medial portion and at the nail root as well
as at its distal part, it is possible that the fungus invaded the nail plate from
its base at the distal part of the free edge or from the region of the lunula and
grew toward the nail root. The lateral parts of the nail seemed only occasion-
ally to be the point of entry of the infection. The T. purpureum never
seemed to enter the nail from the superficial layers as T. violaceum did. It
was also noticeable that, when it entered from the hyponychium T. purpureum
appeared to proceed centripetally, growing in the direction opposite to that of
the nail growth, but when the fungus entered from the region of the lunula it ap-
peared to grow in the same direction as the nail grew.
The clinical picture did not always conform to the histologic findings; clinically
nails infected by T. purpureum are altered throughout their entire structure in
most cases (32), but in the histologic sections fungi were present only in parts
of the nails.
Histologic Examinations of Nails with Positive Microscopic Findings in
Potassium Hydroxide Preparations, but without Pathogenic
Growth in Culture
1. Undetermined fungi in the nail plate. Striking changes were seen in the
nails of case 8. In addition to the long and short mycelia which were present in
the entire nail plate, large spores with a distinct surrounding halo were noticed;
splits developed from these spores (Fig. 4 a, b.). The active breaking apart of
the nail plate was clearly visible. Since the splits were only around the spores,
whereas the nail substance remained almost unchanged in the vicinity of the
hyphae, it seemed that the spores were the force which caused the nails to break
apart.
2. Undetermined fungi on or under the nail plate. In four nails of three patients
fungi were found lying on the nail plate without entering it (Fig. 5 a, b). The
culture gave negative results or a growth of non-pathogenic fungi. It is ap-
parent that the parasites could have a pathogenic effect without invading the
nail plate by entering the space between the nail and the hyponychium and so
raising the nail out of its bed (33). The possibilities exist also that these types
of fungi grew on the surface of nails which were altered by other disorders. It is
also conceivable that the fungi contaminated and grew during the preparation
of the material for examination. Since these fungi were found in only four nails,
whereas all nails were prepared in the same way, the last-named possibility seems
improbable.
A number of authors have reported cases of onychomycosis from which non-
pathogenic fungi were cultured and believed then to be the cause of the abnormal-
ities of the nails (33, 34 a, b, c, 35 a, b, 36, 37,38, 39, 40, 41, 42, 43, 44, 45 a, b, c,
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46, 47). The demonstration, by histologic examination, of these fungi within
the nail plate would support the idea that generally non-pathogenic fungi could
be pathogenic for nails oniy.
INFERENCES AS TO THERAPY
Perhaps some inferences as to therapy may be drawn from these histologic
examinations which show that different fungi can have different centers of local-
ization, paths of invasion, and arrangement in the nails. In treating cases of
infection with T. purpureum, in which the fungus was observed only in the
deepest layers of the nail and in the subungual horny material without entering
the tissue of the nail bed, a method devised by Kile and Welsh (48) and Epstein
(49) of using a drill to shave off the diseased parts of the nail sometimes should
give satisfactory results. But in cases of long-standing infection, in which the
nail sends deep horny processes into the layers of the nail bed, this type of local
therapy is too painful, because it is necessary to drill into the nail bed with its
many nerve endings in order to reach and destroy all of the processes of the nail
plate. Experience proved that even evulsion of the nails followed by curettage
of the nail bed was not always a satisfactory treatment in order to remove all of
the processes. However, Taylor's (50) electrosurgical destruction of the nail
root which prevents regrowth of the nail is advisable only when the other pro-
cedures prove unsuccessful.
On the other hand, infections by T. violaceum, a fungus which is found chiefly
in the superficial layers of the nail, should respond more readily to local therapy,
making surgical treatment unnecessary.
Similar conclusions are possible after histologic investigations of other fungi.
Thus, understanding the significance of the histologic picture may help to achieve
the maximum therapeutic effect with a minimum of destructive or radical meas-
ures. Further investigations will be necessary to prove whether nail parings
alone could give sufficient information for therapeutic inference.
SUMMARY
The systematic histologic examination is a diagnostic procedure which has not
been generally employed in studying nails infected by fungi.
Fifty-five nails of 14 patients, therefore, were examined histologically. By
this procedure different centers of localization, different arrangement and
different invasion points of Trichophyton purpureum Bang and Trichophyton
violaceum in the nails could be distinguished. It was found that these types
damaged the nail in different manner and degree.
Fungi, observed during the ordinary potassium hydroxide examination of 4
nails were found by histologic examination to be lying on top of the nail plate
without entering it, suggesting the possibility that the presence of fungi in
potassium hydroxide examinations is not always sufficient for establishing the
diagnosis of onychomycosis.
On the other hand, the histologic examination could prove a presence of
"non-pathogenic fungi" in the nail plate, causing onychomycosis, and indicating
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the possibility that supposedly non-pathogenic fungi may become pathogenic
for nails only.
Histologic examinations were made also of tissue from the nail bed after evul-
sion of infected nails. It was found that the nail beds were not infected by fungi
but that masses of spores and, only occasionally, mycelia were found in subungual
horny masses.
The observations made during histologic examinations will perhaps prove
helpful in indicating suitable treatment for different types of fungous infections
of the nail.
Thanks are due to Dr. L. Doljanski2, Chief, Dr. A. Rosin, assistant, at the
Cancer Institute of the Hebrew University in Jerusalem and to Mrs. B. Nuss-
baum, New York.
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DISCUSSION
DR. TIBOR BENEDEK: I would like to know what clinical picture the nails showed, and
how the preparations were made. Were they removed by surgical operation as a whole, or
were the nails spontaneously separated from the nail bed, and oniy this material used for
histological purposes? These points would clarify the discussion of this problem. Ony-
chomycosis is called today almost any and every involvement of the nail organ. True
onychomycosis is a rare disease. I refer to the well known statistics of Sabouraud, 1910,
in which he presented only one single case of onychomycosis among over 500 cases of der-
matomycosis. He even questioned whether this case was a primary onychomycosis or a
secondary invasion of the nail material by the fungus.
During the recent war I observed over 300 cases of dermatomycosis. The nails of fingers
and toes were thoroughly examined and we could not find a single case of onychomycpsis.
Much of the material published in the literature as onychomycosis refers for the most part
to material off the matrix, and fungi may easily grow in the detritus material of the nail.
To find fungi in sections or cultures is not at all difficult. I would ask the presenter there-
fore, what the clinical picture of the nail was, and how the material was secured.
DR. MARION B. SULZBERGER: I would like to report informally on some studies which
have been under way in my department for several years and to discuss this paper for Dr.
Franz Herrmann and Dr. S. Robert Narins who are unable to be here. Dr. Herrmann
and Dr. Narins studied histologic sections of numerous nails infected with Trichophyton
purpureum from 1943 to 1946 at the New York Skin and Cancer Unit. The purpose of these
investigations was not the histologic study as such, as has been the case in Dr. Sagher's
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excellent work, but was an attempt to determine to what extent, and by what means it
might be possible to carry antifungal remedies to the infected sites within nails by ap-
plication of suitable therapeutic materials to the dorsa of the nails. Drs. Herrmann and
Narins at this time do not intend to report on their results regarding the implications for a
possible therapeutic approach, but wish merely to demonstrate the close similarity of their
findings with the pictures Dr. Sagher has shown.
Nails which had been evulsed in the course of treatment of Tr. purpureum infections were
collected for their studies. Only fairly well intact nail-plates were used, and none were
mutilated, abnormally thin or incomplete in their configuration. A. dye, Alpharurin 2
O ("Patent Blue") was dissolved as a visible tracer-substance in the selected "penetrating"
vehicle ("Jntraderm"—Wallace Laboratories) which was tested as a potential carrier of a
Fin. 6. SEcTIoN THROUGH NAIL
Mycclium (Trichephyton Purpureum) below, but not within the upper third. The dark
shade of this npper zone corresponds with the blue stain from the solution which had been
rubbed upon the dorsum of the nail.
fungicide. The liquid, containing 0.4% of the dye, was rubbed on to the dorsal surface of
the extracted nail under comparable conditions, for three or five minutes. Contamination
of the unexposed concavity of the nail from the outside was carefully avoided. The liquid
was allowed to dry, and sections were made 30 minutes, 3 hours, and 24 hours after the
applications. The sectioning was carried out with very sharp scalpel blades in transverse
direction through the entire width of the nails, perpendicularly from the lower, untreated
surface to the dorsal surface. The specimens were fixed on a plate of ground glass trans-
illuminated from below. The operator observed his manipulation through a mounted
magnifying lense. The sections were mounted and well cleared by means of a solution of
Damar-resin, 1 part by weight, in xylene, 1 part by volume. The specimens remained well
preserved under the cnver slip.
The preparations showed the presence of mycelium of Tr. pnrpureum only in the lower
half of the nail, above the nail-bed, (Fig. 6) but never in the uppermost, dense nail-plate.
This is, therefore, in full conformity with the findings of Dr. Sagher. And even under the
best conditions and with the most penetrating vehicles available these uppermost layers are
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Fin. 7. MYCIJLIUM IN NAIL. HIGH Powni Yjaw
the precise zone which, with the procedures described, showod impregnation with the dye
from the prcvionsly applied material. The zone in which the micro-organisms arc present,
in fact the entire thickness of the nails (Fig. 7) was stained only when the plate had been
FUNGOUS INFECTIONS OF NAILS 357
artificially and deliberately softened, and sometimes even macerated by alkaline kera-
tolytics prior to the application of the colored solution. Application of an emulsion of
calcium thioglycolate on the dorsal surface served this purpose best, though potassium
hydroxide (10% in water) had a similar effect. Although Narins and Herrmann have
utilized and investigated this deliberate softening principle in the treatment of mycotic
nail infections for several years they refrain from further comment at this time, since
the procedure is still too cumbersome for general use, and the results do not yet permit
evaluation.
Da. SAGHER, F. I am grateful to Dr. Benedek for his comment, and wish to thank Dr.
Sulzberger for his valuable addenda to the substance of this paper.
I have attempted only to demonstrate the value of examining fungous infections of the
nails by histologic methods. Further investigations may show whether histologic ex-
aminations of nail parings will yield sufficient information to indicate the mode of in-
fection of nails by different types of fungi and, possibly, to point the way toward more
adequate therapy.
